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Abstract: We have used nuclear model codes developed at ENEA, Bologna,
Italy, to calculate (n,y) capture cross sections on 76 neutron-rich
nuclides. The physics models used and the method of obtaining relevant input

parameters are summarized,

Introduction: We have recently considered the question of calculating

(n,y) cap
experimental measurements can be made. In this report, we summarize the
physics models used for these calculations as contained in a system of
computer codes written at ENEA, Bologna, Italy. These codes were formally
used for calculation of cross sections for materials employed in the design of
the Super Phoenix reactor. We discuss the systematics used to generate input
parameters to these calculations and present results for 76 neutron rich
nuclides. We also estimate uncertainties in the calculations for individua}
nuclides, and suggest steps which should be taken if a higher degree of

accuracy is desired.






A. THEORETICAL APPROACH

A.1 The Cross Section Formalism

Hauser-Feshbach theory for particle capture cross sections yields:
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where s = incident particle spin, I = target spin, 3;333: J=total

angular momentum, tﬂ“(E) are the generalized optical model transmission

1)

coefficients, wJ“(E) is the width fluctuation correction factor (See Refs.

“.jlljl

RE-16, GR-77, RE-78), L = index labeling target levels, E = energy of L-th

L
level, and Ti" the y transmissions coefficients:
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where FY“ (En+Bn) is the total y-decay width of compound nucleus states

of spin J and parity « at an excitation E_+B_ (where B_ is the inci-

n
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dent particle binding energy) and DJ"(En+Bn) is the spacing of such

states.
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(Eq. 2)






A.2 The y-Decay Model

For the y-decay description, the Brink-Axel hypothesis has been
adopted. This consists of replacing the inverse process cross section
{(y-absorption) by the Lorentzian fit of photon absorption cross sections.
The cross section for the absorption of one photon of electric E (or magnetic
M} character and of multipole order % by an initial Jevel i to a final

single isolated level f is:
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where i and f denote also the guantum numbers of the initial and final levels

(E4,d5,73) and (Eg,J¢,we) respectively.

©
f

= Eg-E4 is the photon energy

b

;'%S is the photon wavelength

2Jf+1
g = 2Ji+] is a statistical factor

rE(M),D.
¥

of the level f via a photon emission of electric t or magnetic M character and

(f»1)is the partial width for the inverse process of de-excitation

multipole order %. r‘f is the total width of the resonance (Ef'Jf’“f)°



The cross section integrated over the whole range containing the resonance

(Ef"]f'“f) 15:
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By way of definition, the cross section averaged over a photon energy interval

containing n resonances all characterized by the same spin and parity, as for

f. is:
s 151

n

. (Eq. %)
‘ %r 1.(3,f)
(1~>f)>Ac = —

—— ?

<dE(M),!, -

™

while the integrated cross section 1{(i,f) averaged in the same intervaj Ae is:

n
1 (3,0) (Ea. 6)
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We thus have;
E(M),%, . _n . (Eq. 7)
<g (1—>f)>Ac = e <I(1,f)>ﬂe ,

where %E is the mean spacing D(Ef,J r) of the resonances with spin Jf

£
and parity L at the energy Ef. while:
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. . . (Eg. 8)
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By combining Eq. 7 and Eg. 8, one gets:

<UE(M).! 2

(tEq. 9)
ng <r5(M)'1

(i-af)>Ac = q (f"’i))Ac /D(Ef,Jf,wf) ,

which relates the average radiative width for the transition (f-»i) to the
average photo cross section for the inverse absorption process (i»f). The

Brink-Axe] estimate is based on the result expressed by £q. 9 in the light of

1) Only electric dipole photo-absorption (E1) contributes to the excitaticn

of the levels in the continuum energy region.

2) The average photo-absorption cross section is known and its energy depend -

ence may be represented by a Lorentzian curve.

3) The average photo-absorption cross section does not depend on the initial

chkadtn AvrlrldadbIan Anoeos
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Assumptions 1 and 2 are confirmed by the experimental evidence that the giant
resonance is a general property of the ground state photo-absorption cross
section which results primarily as built up from electric dipole absorption

and its experimental shape is well described by one or more Lorentzian curves.

2.2 (Eq. 10)
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where °R’ER'FR are fit parameters corresponding to the peak cross

seclion, peak energy and haif maximum width respectiively.

As regards the absorption of photons by nuclei in an excited state in
accordance with assumption 3, Rosenzweig (R0O-68) has shown that there is some
experimental evidence for the mean energy of the dipole strength distribution
built on an excited state of energy Ei {relative to the ground state) being
displaced upwards in energy by an amount Ei' This fact supports the idea
ihat the total photo-absorption cross section built up on an excited state
E1 with one photon of energy ¢ is related to the ground state photo-

absorption by the equation:

Ef = Ei+c being the excitation energy of the final state. According to
this hypothesis, summation of Eq. 9 over all final states f related to the
initial state i by €1 selection rules gives the equation:

{(Eq. 12)

2.2 €1, . |
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In addition, if the assumption is made that the radiative strength function
<rE](f+i)> /D(E,.,J, ,w,.) does not depend on J_, the average radiative
Y Ag £2700F f

width for the transition (f»i) may be written as:

El . 4 . 2 (Eg. 13)
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The total radiative width is obtained by summation of Eg. 13 over all the

lower states i permitted by the E1 selection rules:

: i C b} LY — - ) AN ol (Eq- 14)
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We split the summation in Eg. 14 into two parts to account for the transitions

to the discrete levels, as well as to the levels in the continuum:
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where Ei are the energies of the discrete levels.

A.3 The Level Density

The formulation for the level density p(£,J,v) has been adopted from

Gilbert and Cameron (GI-65):

(EY f(2
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P /P X (Eq. 16)
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where f and p are the spin and parity energy dependent distribution Taws
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p](E) and pz(E) are the low and high energy total level de



expressions given by:
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and
— exp 2, [a(E-n) (Eg. 18)
P2 (E) T2 ,
2wo(E)a' /Y (E-a)"4

In tqs. 18, a is the pairing energy. The two level-density formulae adopted

are made to match at some excitation energy, Ex where:

91(Ex) = pz(Ex) (Egq. 19)
and
dp](E) _ dpz(E) (Eg. 20)
dE e dE | pg
X X

£q. 17 is phenomenological and is parameterized by fitting the discrete
levels. Eq. 18 is derived from the Fermi gas model and is justified where the
underlying statistical assumptions hold. The so-called level density param-
eter *a® in Eq. 18, even if it has a well known physical meaning and, in prin-
ciple could be determined theoretically, (see Sect. B.2), in practice is taken
as a free parameter. By assuming that Eq. 1B holds in the neutron reasonance

region, "a" can be determined by fitting Eq. 18 to the mean spacing, D

observed’
of neutron resonances,
[+1/2 (Eg. 21)
.h._*l_,: ]/2 2 92(E9J)
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Therefore, S-wave rescnances are cbviously most suited to this purpose. Let

us designate the values of "a" so determined by “aExp".

The normaiization
procedure expressed by Eg. 21 avoids obvious model approximations while assur-
ing the validity of Eg. 18 in a broad neighborhood around the neutron binding
energy Bn' As a matter of fact, fitting Py to the density of peutron
resonances and P to the dehsity of discrete levels, one expecls a reason-
ahle reljability af the level density so determined in i1he whole energy range
up to a few MeVY above Bn’ which is the region of main interest in low energy
neutron capture.

The matching conditions (19) and (20) establish relationships among the

various quantities involved in Eqgs. 17 and 18. 1n particular, one has:

EO=Ex7T[1np2 (Ex)] (Eg. 22)

3 (Eg. 23)

Fquations (22) and (23) allow for a complete parametrization of the presently
adopted level density by knowledge of only two parameters, "a" and either T or
Ux, one for each of the two equations involved. T has the meaning of nuclear
iemperature, which has proven to be fairly constant in the Jow excitation energy
region, in particular in the discrete level region. One advantage of the ap-
roach outlined is that the parameters involved, a, Ux and T, exhibit well

established systematic trends.



8. PARAMETRIZATION

In order to obtain cross section values from Eq. 1, the following sets of

parameters are necessary:

1. Optical model parameters (OMP)
2. Llevel density parameters (LDP)
3. y-decay parameters {GRP)

4. Level schemes

5. Reaction g-values

6. Deformation parameters

B.1 Choice of Optical Model Parameters

The potential scattering radius, R, is related to the shape elastic cross

: . i 2 .
seclion. Far from the resonance region dshape elastic = 4«R”. This

R contributes important information in selecting the real potential well
depth. The strength functions, Sl=0' Sg=1, S1=2’ giving the mag-

nitude of the average neutron absorption in the resonance region, are also
useful in determinating the imaginary part of the potential. Because the
incident energy range of interest here falls into or is very close to the neu-
tron resonance region, it is appropriate to consider the gquantities R, Sa=0'
51:1' Sna2' when choosing our OMP. Given the large uncertainties

affecling parameters involved in our calculations, it is assumed that the

average nucleon-nucleus interaction depends mainly only on A. Accordingly,

+4 h Foeiotd h
€aciion cnaracieristics sucn as sca

Sl' etc., also are assumed to depend only upon the target mass A. Within

o



such an approximation, the validity of R and Sl systematics, as well as

those of global OMP sets have been extrapolated off the stability valley.
Among various global OMP sets avajlable in the Jiterature, we adopted
Moldauer's (MO0-83) spherical OMP set. 1In fact, this was determined by fitting
the quantities R, 5120, Slzl' and therefore, it seems especially

suited to the energy region of interest here. Foar some of the isotopes in-
volved in the present caiculations sizeable direct coliective contributions
are expected. However, using coupled channel calculations would not improve

R o oupn +

w L nad < - -~ n # o
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I
ground state spin and parity are not known, while large uncertainties affect
most of the other parameters. In Figs. 1 through 4, the results obtained with
Moldauer's OMP are compared to the systematics of Mughabghab (MU-B4) including
coupled channels calculatiens, for s-,p-,d-wave strength functions and scat-
tering radii respectively. The rather low values obtained for S2 do not
bother us much at the energies of interest here, but indicate that Moldauer's

OMP should not be used at incident energies much higher than the resonance

region, where higher order 2-values are involved.

B.2 Level Density

8.2.1 Level Density Parametrization

According to the Fermi gas model, by way of definition (GI-65):

2
.24
a = wg— g and g = é%&i) (Eq 2 )
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where N(e) = cumulative number of single particle states, EF = the energy

of the Fermi jevel with Ae an energy interval around the Fermi Tevel of the
order of the thermodynamic temperature 1L, where the density of single particle
states g has to be determined. 1In Fig. 5, g is shown as obtained from Eq. 24
in terms of the unified Nilsson model for different deformation parameters B
for a thermodynamical temperature typical of neutron resonances. In Fig. §,
one observes that for low B-values (e.g. B=.1), the trend of the parameter

g exhibits typical shell closure dips at magic neutron or proton numbers,

whereas at increasing p-values this trend tends to disappear. Such a

pattern, besides a dependence on @, also indicates a dependence on N and Z

=
~+

icle state

~tr
e Sia ol

e spec typical of different

nuclei. So it appears convenient to plot experimental values of "a" as
deduced from neutron resonance spacings vs. N to give overall systematics, as
shown in Fig, 6. If in addition, "a"-values are grouped according to
isotope-families, one gets local systematics where the Z- and pB-dependence
are simultaneously accounted for as well.

In a statistical sense, Eq. 24 implies that the nucleons participating in
the excitation process are those lying in the orbitals within the mentioned
interval Ae~t around the Fermi top. Because t depends on the excitation

£

E then it is a=a(t).

hen alE)} is ex
behave asymptotically with €. 1In fact, for low E-values, a(E) is fluctuating
with E according to the single particle state spectrum typical of the nucleus
considered. At increasing E, Ae includes an increasing number of single
particle states so that the derivative in Eq. 24 becomes more and more
jndependent of Ae while approaching its asymptotic value. Because t behaves

like the square root of E, "a" varies slowly with E within small intervals of

£-values, but not for E-values too low. This conclusion and the assumption

1



that neutron binding energies are high enough, underlie the approximation that
"a" is energy independent, which we used in deriving our systematics. The
latter were obtained, according ioc Eq. 21, from mean observed spacing, DDBS'
of neutron resonances because these constitute the largest source of experi-
mental information useful to this end.

In practice, neutron resonances are available only for stable nuclei where
Bn ranges {(except for a few cases) over a fairly narrow interval of values
around 7 MeV. Therefore what one obtains are the systematics of "a" at Bn'

In general, Bn is below the excitation energy region where "a" reaches its
asymptotic value even if a(Bn) can be close to it. To the extent that Bn
is low and a(Bn) is far from its asymptotic value, one has to expect some
consequent spread in "a"-systematics. From this discussion, it should be
clear that extrapolations of "a"-systematics off the stability valley are
better justified for isotopes with a binding energy not much lower than
~b-7 MeV.

In Fig. 7, the systematics of the nuclear temperature vs mass number A do
not exhibit any particular shell structure effect and show only a weak
A-dependence. This behavior can be interpreted from the observation that the
density of low lying discrete levels of all nuclei can be described by a con-
stant nuclear temperature. This implies that, in the low energy range with
increasing excitation, the energy distribution in the excited system does not
change appreciably. As far as this picture is realistic, one expects that the
trend of the nuclear temperature should depend only on A regarqless of shell
closure effects, as can be seen in Fig. 7 and of the location with respect to
the valley of B stability. Oue to the very slow variation of T with A, UX
also shows a well established trend (see fig. 7) according to the correlation

with "a" as expressed in Eq. 23,

12



The methods outlined and discussed for systematizing the level density
paramelers have been used exiensively in the stability vaiiey region and have
proven satisfactory and reliable.

In order to derive local systematics, best suited to extrapolations for
the purposes of the present work, we have considered all available experi-
mental information on discrete level schemes {see Sec. D) and on neutron
resgnance schemes {MU-84) for all isotopes of all families of interest. From
analysis of this information, local systematics of a, Ux' T were deduced for
each isotope family (see Figs. 8 and 9). Because no resonance schemes were

EXp

available for unstabie isotopes, determination of a was limited to stable

isotopes only. JTherefore, 1
Figs. 8 and 9) according to the guidelines of the overall systematics in Fig.
6 and of the definition in Eq. 24 applied to Nilsson model orbitals, as given
in Fig. 5. Discrete level schemes were available for a few unstable iso-
topes. For these, Ux and T parameters could be determined which clearly
confirmed the reliability of the adopted extrapolations. Through Eq. 23, this
also resulted in an indirect test on the local sysiematics adopted for "a"

parameters. In the worst cases of very low Bn’ the greater confidence in T

systematics lead us to parametrize the level density based mostly on consider-

ationon 7. T

e .
on on ustified in such cases, because U >

y justl 1N osuch , because x
Bn+En (our neutron incident energies being En < 500 keV), and there-
fore the constant nuclear temperature approach Py would be used in any

case over the entire energy range.

13



B.2.2 The Spin Distribution

According to GI-65 and RF-78

bution was adopted.

2,2 (Eg. 25}
-(J+1/2) /20 (E)
F(3.E) = (2d+1)e

202(E)

where

146 Ja(E-a) A%7S when E>E
X
2 _ , (Eq. 2b)
o(B) =) . . 2 2
= linear interpclation between o (Ex) and TR when EcuthgEx

where A = mass number and Ecut is the energy of the first level of unknown J
or » characteristics. GEVL is obtained by a maximum Jikelihood fit
of the distribution law of Egq. 25 to the discrete level spin distribution. 1t

is given by:

{Eq. 21)

(3, .+ ]/2)2

L
where L = the maximum number of levels. The importance of using a correct
spin distribution in y-decay calculations is evident due to spin and parily
setection rules of the y-transitions. Less evident, but nonetheless very
important, is the influence of the spin distribution on neutron capture due to
the enhancement or suppression of the competition from certain neutron chan-

nels by way of total angular momentum conservation.

14



B.2.3 Parity DBistribution

” w
A parity distribution can be used of the form p(E,w) = e? E+b where a", b"

are fit parameters to the discrete level parity distribution, if available; if
not, one has to assume p(E,w) = 1/2. Due to parity selection rules, the

parity distribution plays an important role in y-decay calculations.

B.3 Giant Resonance Parameter Systematics

For the €1 photon absorption cross section, aL(e) is given by the
Lorentzian fit to the E1 photo-absorption cross section in the giant resonance

region (see Eq. 10). Usually, R equals one or two;, a,, Iy, £,

n (A} "

are giant resonance characterisctics. The dependence on B of the giant
resonance parameters is taken from the systematics of RF-78, see Figs. 10 and
11. Formula 15 and the adopted GRP parametrization have been shown (BE-74,
RF-78) to give absolute values of the total radiative width of neutron reso-
nances ri”(ﬁn) provided the Tevel density is correctly parametrized.

They also proved to give satisfactory y-ray spectra (WI-82, RE-83).

8.4 Discrete Level Schemes

luated Nuclear Structure

Data File). From the ENSDF file, an evaluated level scheme file was created
from which level schemes could be directly read by the model codes CERBERO and
AMLETO. Essentially, this was achieved by a few spin and parity assignments
where strictly necessary, e.g., when J and = were not given for the ground
state or where one had to choose among more than one possible spin assign-

meni. In particular, for the ground state, spin and parity assignments were

15



made based on the Nilsson Model (given the deformation parameter) and based on
systematic considerations of neighboring isotopes of similar even-odd charac-
teristics. In the case of unknown level schemes, another very important piece

of information is the energy of the first excited state E In target

1
nuclei, this determines the Q value of the neutron inelastic reaction and
therefore plays a dominant role in the (n,y) reaction as well. 1In compound
nuclei, this also plays an important role because the placement of E]

influences the total number of y-ray transitions.

B.5 Mass Tables

Neutron binding energies are internally computed by the AMLETO and CERBERO

codes. The data set is constituted by the atomic mass data tables of Wapstra

and Bos (WA-77) and where these data are not available, by the theoretical
calculations of MGller and Nix (MO-81).
'B.6 Quadrupole Deformation Parameter B

The deformation parameter B is important in the present calculations

1his is necessary information for shell model considerations about spin and
parity assignments of ground states of unknown characteristics. Considera-
tions aof the systematics for the level density parameter "a" are also based on
the shell model and on the dependence of "a" on B (see Fig. 7). In addi-
tion, however, B is used for determining the giant resonance parameters for
which the absolute value and sign of B are necessary. In particular, the

sign of B is more important because the relative size of the first and

second photo ahsorption cross section peaks of the split giant resonance are

16




reversed depending upon the prolate and oblate shape of nuclei. This conse-
quently affects the y-decay probability.
The deformation parameters adopted and quoted in Table 1 were taken from

Mo-81. An uncertainlty Ap=.05 was estimated for all adopted values of B.

C. RESULTS

The information given by the resonance schemes was not always sufficient
for the complete determination of local systematics of the level density
parameter "a", even in the stability valley. 1In fact, for a large number of
isotope families around the p-wave peaks, s- and p-wave resonances are mixed
and cannot always bhe separated and identified. This makes the statistical
analy- sis of resonance schemes difficult, if not impossible. For a number of
iso- topes, only a few resonances dre available so that statistical analysis
is not very meaningful.

In order to determine ihe overali systematics of “é“, sparse information
can also be useful, but to determine local systematics for single isotope
families a sufficient number of isotopes should be known for each family.
Both to overcome the Tack of reiliable information and to check the results
deduced from statistical analysis of neutron resonances, we had to refer to
additional experimental information such as total radiative widths of neutron
resonances ri“(Bn) and neutron capture cross sections at 30 keV o, and test

¥

different "a" values against rY and 0.y calculations.

We considered all the information from MU-84. In particular, first from
DDBS for s-wave resconances and from the analiysis of discrete level scheipes,
we determined the level density parameters a, Ux and T. These gave us the

local trends for the respective systematics. Then we checked isotopic values

11



of a, U_,
X

T and local systematics by comparison of calculated rY(Bn,J,n)

for s- and p-wave resonances with the respective values from MU-B4. Finally,
we checked the entire parametrization by comparison of calculated and experi-
mental total GN,Y (E}. As a result, we arrived at the systematics shown

in Figs. 8 and 9 for a, Ux and T. As one can see, a-values are affected by

a much larger spread than the corresponding T- and Ux— values. 1n
particular, for higher masses, as shown in Fig. 9, a-values corresponding to

e-e targets exhibit a distinct behavior according to different isotope

-

. . s
families, The same cannot he clearly identified for the data

L

even-odd, odd-odd, odd-even targets for which overall systematics common to
all families appear to be fully adequate in most cases.

According to the discussion outlined in Section B8.2.1, in extrapolating
"a" systematics off the stability valley, a wider uncertainty range had to be
allowed for "a", especially for cases in which Bn was much lower than that
of isotopes in the stability valley. Of course, information as to the relia-
bitity of "a" comes primarily from the related quantity T. 1In all cases,
uncertainties on a-, Ux—. and T-values adopted were estimated from consider-
ation on the spread of data around the respective systematics.

The parametrization adopted, is summarized in Table 1. In column 2 of
Table 1, uncertain target ground state spin and parity assignments are given
in brackets. In some cases, all probable assignments are gquoted, the first of
which being the one adopted. In Table 1, parameter uncertainties are also
quoted.

In Figs. 12 and 13, comparison is made of the calculated total radiative
widths for s- and p-wave resonances respectively with the systematics of

MU-B4. In some cases, especially for p-wave resonances, our calculated aver-

18



age radiative widths showed a strong spin dependence. Therefore, the calcu-
lated values given in Fig. 12 and 13 were obtained as weighted averages
according to the statistical factor 2J+41. With that, we felt that we would
obtain the best agreement with the average experimental values quoted in
MU-84. One can see that, in general, ria]c do not exhibit large
deviations from the data typical of the stability valley. The only exceptions
seem to be those compound nuclei characterized by very low neutron binding
energies. In fact, a deviation of rY with respect to the systematics of
the valley of stability can be expected when Bn is particularly low because
the smaller Bn’ the smaller the number of y-transitions.

Preli

.
minary neutron ca

pture cross section results are given in Table 2 for

a few energies in the range 1 keV < En <500 keV. Sensitivity calcula-
tions were performed for 13SBa (n,y) reaction cross section in the
whole energy range and are shown in Table 3. These were ohtained by letting
target and compound nucleus parameters vary according to the respective uncer-
tainties quantified in Table 1. The case considered is one associated with
the largest uncertainty. 1In addition, the unknown ground state spin and
parity values were allowed to vary from 1727 to 11!2+, while the unknown
neutron inelastic competition threshold was allowed to vary in the range 0-60
keV, as shown in Table 1.

In Table 3, results of sensitivity and error calculations in
1358a(n,7)
are shown. Percent errors quoted were derived using error propagation
theory. To ihis end, parameter uncertainties were used with the meaning of
standard deviations. 1In doing error calculations "a" and Ux, as taken from
the respective systematics, are to be considered as uncorrelated in spite of

Eq. 23. Errors from uncertainties due to target parameters and due to com-



pound nucleus parameters are given separately as well as the total error due
to error propagation of both target and compound nucleus parameters.
From the results of our detailed sensitivity and error calculations in

]35Ba {(n,y) one can conclude that:

the total uncertainty from target parametrization is negligible below the
threshold for neutron inelastic competition; whereas above, it becomes
comparable to that due to the compound nucleus parametrization,
uncertainiy from ground state spin and parity assignments results in a
maximum 30% in target parametrization uncertainty,

- uncertainty from target parametrization is dominated by the uncertainty in
the threshold of neutron inelastic competition, followed by that in the
level density parameters "a" and especially Ux’

- uncertainty from compound nucleus parametrization is dominated by the

uncertainty in Ux followed by that in "a",

Fod T iimmaiidh o dm iy e ammmnns saddb JomadAdamd maidian s hnsaiion +hoa
- LOLd]l unieritdinty 1InCcredsey willn (i iaenne iTuLifyln ©Ncryy voiauar hie

number of open competing channels increases, each of which carrying its

own uncertainty contribution.

Error calculations were also performed for at least one isotope of each
family of interest; we chose the isotope with the highest fission yield. For
a few isotope families, error calculations were performed for all isotopes.
Results are presented in Table 2. Note that errors are asymmetric about the
central value. At 1 keV, the percent negative standard deviation Acn {-)

ranges hetween 20% and 50% with a narrow Dpeak around 35%, which includes 60%

of all cases considered. Aon Y(+) ranges from 30% to 110% with a wide

20



peak around 50%; 70% of all cases range between 40% and 70%. At 500 keV,
Adn,y(_) ranges from 30% to 110% with a peak around 50%, while 80% of
cases range from 40% to 60%; Adn,7(+) {exception made for 102Nb)
ranges from 30% to 200% with a peak around 80%, while 65% of all cases range
from 60% to 90%. To summarize, we conclude from the present calculations that
for ~70% of all cases, the standard deviation is less than a factor of 2.
Sensitivity calculations to OMP are not easy to do because of the diffi-
culty of relating uncertainties from OMP to those of quantities calculated by
the optical model. A way to get around this problem is 1o use a strength
function model because strength functions are measured quantities which can be
expressed in terms of the optical model. Accordingly, the branching ratio in

£g. 1 can be expressed as:

Sg <FY/D>1 (Eg. 28)

<on Y> a W
9 <rY/D>! + ;. g

ge!

As has already been indicated, one requirement to be_imposed on the optical
model parametrization is to fit strength functions. This implies that maximum
uncertainties expected in Gn,Y in Eq. 1 from the optical model, do not

exceed the maximum spread of strength functions around the systematics of
Figs. 2 and 3 (as long as the neutron absorption is not affected too much by
higher neutron excesses of the presently investigated isotopes). In
particular, because <FY/D>1 << {Q,Tl, a partial cancelation

takes place between incoming and outgoing channels in the numerator and denom-

inator of Eq. 28, which tends to neutralize strength functions and optical
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model T1~uncertainties. Cancelation becomes complete when, as at low
energies, in the denominator of Eq. 28, only one %'-value dominates.
Accordingly, we believe that compared to the major uncertainties (e.g., from
the level density parametrization), uncertainties from optical model quanti-
ties can be neglected.

Uncertainties from the photon absorption cross section dY' which
cannot be guessed, come from the fact that when Bn is low, the low energy
tail of the Lorentzian becomes more important where extrapolations are not
very reliable. No significant uncertainties are expected from the extrapola-
tion of gian resonance paraméters as far as the value and sign of deformation
parameters is known.

An egual distribution between the two parities was assumed because of a
complete lack of adequate information to perform a parity distribution analy-
sis. We did not study the effect of extreme hypotheses like p(w=+)=1 and
p(w=-)=1 and did not include such results as an estimate of the uncertainty
propagated in neutron capture due to the uncertainties in the parity distri-

bution.

D. CONCLUSIONS

The results of our sensitivity calculations pinpoint those parameters
which have the greatest effect upon the accuracy of our model calculations,
namely level density parameters and nuclear structure data, which are respon-
sible for over 80-90% of the final estimated uncertainty.

No sophisticated nucliear modeling has been performed to generate missing
information such as energy, spin, and parity of discrete levels. In many

cases, the spin and parity of the target ground state were unknown. These
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have been estimated by use of the Nilsson model and by comparison with neigh-

boring isotopes

ilar nuclear even-odd characteristics. 7

he same was

done to estimate the energy of the first excited states in target nucleid,

which, being the thresheld of (n,n'} competition, can be very important in the

accuracy of the

results. Revision of these input data following more sophis-

ticated nuclear theory by experts in this area would permit a reduction in the

estimated uncertainties where I" are unknown as experimentally deduced

values.

These results should be regarded as preliminary ones in that all parame-

ters were taken

sensitivity and

reliable vaiues

0612A-9/2/86

by systematics for most nuclei. If lower uncertainties are

a carnnd itaratian chanld he Aans nein
wu P =l SR u I kW) A1 id [ S A= v -7
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"0

error calculations to pinpoint those parameters requiring more

for each case.
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Figure Captions

Potential scattering radius R vs. mass number A, as calculated
from Moldauer OMP compared to the systematic of Mughabghab,
MU-84. Points with error bars represent experimentally deduced
values as summarized in MU-B4.

L=0 strength functions Sy vs A, as calculated from Moldauer OMP
compared to the systematics in MU-84. Points with error bars are
experimentally deduced results as summarized in MU-84.

L=1 strength functions Sy vs A, as calculated from Moldauer OMP
compared to.the systematics in MU-84. Points with error bars are
experimentally deduced results as summarized in MU-84.

L=2 strength functions Sp vs A, as calculated from Moldauer OMP
compared to the systematics in MU-B4. Points with error bars are
experimentally deduced results as summarized in MU-84.

Shell model single particle state density g vs. neutron number N
and proton number Z, for different deformation parameters §..

Overall systematics of the level density parameter a vs. neutron
number. See RF-78 for details.

Overall systematics of matching energy Uy, and of nuclear
temperature T vs. neutron number. Origin of peoints is discussed
in the text. Circled dots refer to Sn isotopes.

Local systematics of level density parameters a, T, and U, vs.
neutron number around the magic number N=50.

Local systematics of level density parameters vs. neutron number N
around the magic number N=82.

Giant resonance parameter systematics for spherical nuclei vs.
mass number A.

Giant resonance parameter systematics vs. deformation parameter
B and vs. mass number A after ref. RF-78.

Calculated s-wave radiative widths compared to the systematics of
ref. 2 vs. mass number A.

Calculated p-wave radiative widths compared to the systematics of
ref. 2 vs. mass number A.
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TABLE 1: Parameters Used in Catculations Summarized in Table 2.
The parameters are discussed in the text. The superscript 'T' indicates target isotopes.

" 13 |38 Eeut a Uy Lyl a7y

Ground State MeV MeV B2
[sotope Spin and Parity EXPTL Guessed MeV Mev-1 MeV EXPTL Guessed BE-B4
34 Se 877 sr2tiset - - 0.20+0.10 0.20+0.10  13.8+2  6.04 - - 745 - -
34 se 88" ot - - 0.50+0.10 0.50+0.10  14.0%2 6.5+ - 543 0.18
34 Se 89 ssetiret - - 0.1540.10  0.15+0.10 15,732  6.741 - - 745 0.18
35 gr 87" (3727) .- 0.35+0.10 0.35+0.10  11.8+2  5.5+41 - - 745 - -
35 gr 88" 7y - - 0.20+0.15  0.20+0.15  12.8+2 6.0+ - - 744 0.15
35 Br 897 37271727572 - - 0.30+0.10  0.30+0.10 13,942 6.4+] - - 745 0.15
15 Br 90 - - - - - - 0.00+40.00  14.842 6.5+ - - 745 0.18
36 Kr 89" s/2*1/2" - - 0.40+0.10 0.40+0.10  13.8+2  6.04] - - 145 - -
36 KR 90'  oF 0.708 - - 1.00 13,942 6.44) - - 542 0.15
36 Kr 91" szt - - 0.4040.10  0.40+0.10 15,742 6.5+ - - 745 0.17
36 Kr 92 ot - - - - 1.20 15,742 5.641 - - 543 0.17
37 &b 91 1r2tgretsret 5.168 - - .108 14.042  6.441 - - 75 - -
37 Rb 927 () 0.143 - - 0.143 14.8+42  6.5+1 - - 745 0.20
37 Rb 93" 572t 0.254 - - 0.350 15.742 6.5+ - - 145 0.20
37 kb 94" 3" 0191 - - 0.191 16.3+2 6.5+ - - 745 0.25
37 Rb 95 572% - - 0.1040.07 0.30+0.07  16.842 6.5+ - - 745 0.27
18 Sr 92' ot 0.816 - - 1.000 14,042 6.4+ - 5+3 - -
a8 sr 93" 12t 0.214 - - 0.214 15,7142 6.541 6.25 743 0.15
38 Sr 94 ot 0.837 - - 2.614 15,142 6.3 3. - - 0.20
38 Sr 95' 1w2tsietn e 0.203 - - 0.203 17,142 6.6+ 5.6 - - 0.25
38 Sr 96" ot 0.815 - - 1.900 16.822 6.6+ 1.9 . 0.30
38 sr 97" 172t ss27972 1727 - - 0.10+0.05 0.10+0.05  18.2+2 6.5+ - - 145 0.30
38 Sr 98 ot 0.144 - - 0.144 17.642 6.5+ 4.22 - - 0.32
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Page 2 L Ex Ea Eeut Ux oLyt a*vi

Ground State MeV MeV Bz
Isotope Spin and Parity EXPTL Guessed MeV Mey -1 MeV EXPTL Guessed BE -84
39 v 95! 12” 0.689 - - 0.700 15.6+42  6.631 - - 145 - -
39 ¥ 96" 0~ 0101 - - 0.15 16.342 6.6 1.8 - 0.30
39 v 97" 12 0.668 - 0.668 16.8+2  6.641 - - 745 0.30
39 v 98 I g.12 - - 0.17 17.3£2 6.5+ - - 145 0.30
39 ¥ 99’ 1/2° - - 140,07 0.140.07 17,62 6.4+ - - 745 0.32
39 Y 100 - - - - .0 0.0 17.8+¢2  6.4% - - 745 0.32
40 7r 98" ot 0.855 - - 0.900 16.8+42 6.6+ - - 5+3 - -
a0 zr 997 172" 0.122 - - 0.300 18.0#2  6.641 3.5 - - 0.30
50 zr 100" o' 0.213 - - 0.300 17.642 6.6+ B.6 - - 0.30
a0 ze 101" 32Y1727502%972F - - 0.140.07  0.140.07 18.542  6.6+1 - - 745 0.32
a0 zr 102" o 0.153 - - 0.2 17.9¢2  6.6%1 - - 543 0.32
a0 zr 1037 1/2%572%01727 - 140,07 0.140.07 18.5¢2  6.5+) - - 745 0.32
40 Zr 104 o* - - 0.0 17.5+¢2 6.5+ - - 543 0.33
ay b 101 es2tisetsset - - 0.1+0.07  0.140.07 18.142  6.64) - 145 - -
a1 Nb 102" (0 - - 0.140.07  0.140.07 18.3+2  6.641 - - 745 0.30
41 Nb 103 sr2* 0.127 - - 0.4 18.3+2  6.64) - - 745 0.30
a1 Nb 1087 (1N - - 0.1+0.07  0.1+0.07 18.242  6.641 - - 145 0.30
41 Nb 105 s/2%ss2 972N 27 - - 0.1+6.07 0.1+0.07 18.0+2 6.6+1 - - 745 0.30
a2 Mo 102" ot 0.291 - - 0.35 17642 6.6+ - - 541 - -
42 Mo 103" as2t 0.103 - 0.3 18,542  6.6+] - - 942 0.27
42 Mo 104" 0" 0.193 - - 0.25 17.842  6.6+] - - 643 0.27
az Mo 105" 1s2tss2thseT 0.095 - - 0.15 18.542 6.5+ - - 145 0.27
42 Mo 106 ot 0.172 - - 0.2 17.5¢2 6.5+ - - 543 0.2}
a3 T 1060 (35 - - 0.1+0.07  0.1+0.07 18.442 6.5+ - - 745 - -
43 Tc 1070 s2teseteseise” - - 0.1+0.07  ©.1+0.07 18.242 6.4+ - - 145 0.25
43 Tc 108 (3% - - 0.1+0.07  0.1+0.07 17.942  6.341 - - 745 0.25
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Page 3 I Ex Ea Ecut Uy oyl oLy

Ground State MeVv MeV Bz
Isotope Spin and Parity EXPTL Guessed MeV Mey-! MeV EXPTL Guessed BE-84
44 Ru 1087 o' 0.243 - - 0.3 17.542 .44 - - 543 .-
44 Ru 109 12572 01027 0.099 - - 0.15 18.1+2 .3+41 - - 745 0.25
49 In 1240 2t 0.037 - - 0.1 16,742 4.6+1 - - 745 - -
a9 In 125 9/2* 0.181 - - .2 16.642 4.5+ - - 745 0.05
50 sn 130" o' 1.220 - - 2. 14.5¢2 4.0+ _ 543 .
50 sn 1317 a2t 0.335 - - 0. 13.842 3.6+ - - 5+3 -0.05
50 Sn 132 o* 4.035 - - 4.5 12.7+2  2.6+0.5 - - 5+3 -0.05
51 sb 130" a'st 0.010 - - 0.0? 15.942  4.34+1 - 5+3 - -
51 sb 131 72t - 0.2+40.10  0.2+0.1 15.382  4.041 - - 743 -0.05
51 sb 132" 4t 0.085 - - 0.085 14.4+2 3.6+ - - 5+3 -0.05
51 sb 1330 772t 0.963 - - 0.963 13.442  2.641 - - 743 0.05
51 Sb 134 {07} - 0.1+¢0.07  0.1+0.07 15.8+42  3.3#1 - - 543 -0.05
52 Te 1300 of 0.84 - - 0.84 16.5+42 4.4+ .- 745 - -
52 Te 1317 as2t 0.64 - - 0.64 18.0+¢2 4.3+ 2.25 - - 0.05
52 Te 132! oF 1.85 - - 1.85 15.042 4.3+ 13.0 - - -0.05
52 Te 1331 3/2% - - 0.45+40.2  0.454+0.2 16.142 3.6+ - 1045 -0.05
52 Te 134 ot 1.90 - - 1.90 16.042  3.041 1 - - -0.05
52 Te 1350 1/72° - - 0.4540.2  0.4540.2 16.3+2 3.3+ - - 1045 -0.05
52 Te 136 o* - 0.9+0.2 0.90+0.2 17.843 3.7+ - - 1045 -0.05
531132 4t 0.022 - - 0.2 16.042  4.34) - - 1042 -
53 1 133" 12* p.2 - - 0.4 15.3¢2  4.14 . 1042 0.05
53 1 1347 (4% 0.044 - - 0.3 14542 3.54] 8 . 0.05
53 1135 12t - - 0.95+0.3  0.95+0.3 13.642 2.5+ - - 845 0.0%
53 1 138" 2" 0.080 - - p.08 15.642  3.3%) 4 - 0.05
53 1 1370 12% 0.243 - - 0.243 17.5¢2  4.0+1 - - 643 0.05
53 1 138" 2" 0.06+0.03 0.06+40.03  19.442 464 - - B+3 0.05
53 1 139 - - - - 0.05+0.05 0.05+0.05  26.2+2 5.0+ - - B43 0.08
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Page 4 I 3 £ Eeut a Uy STVl of Lyt

Ground State MeV MeV 1%}
isotope Spin and Parity EXPTL Guessed MeV Mev~] eV EXPTL Guessed BE-84
54 Xe 135 a2t 0.288 - - 0.60 13.642  3.61) - - 745 - -
54 xe 1367 0° 2.400 - - 2.40 11.0+2  3.54) - - 542 0.05
54 Xe 1377 172 1.500 - - 1.50 14.0¢2 3.8+1 4.5 - - 0.05
s4 xe 138" o' 0.590 - - 0.59 15,142 3.8+] 3.2 - - 0.05
54 Xe 139" 1727 0.500 - - 0.50 18.042 4.5} -~ 513 0.08
54 xe 1400 0% 0.310 - - 0.37 18.7:2 4.8 - - 543 0.10
54 Xe 141 - - - - 0.15+0.15  0.15+40.15 21.7+2 5.0+1 - - 5+3 0.10
ce re 13a7 . PR, n n1n T w0 cin
29 Wy 133 Hic v.£10 - V.10 13.,.Utc S.UR) - - 2% - -
55 Cs1407 (2-) 0.148 - - 0.148 18.0+2 4,94 2.3 - - 0.10
55 Cs 141 172% 0.068 - - 0.068 14,942 5.2+ -~ 543 0.15
55 Cg 142 (2} a.011 - - 0.110 27,742 4.94) - - 543 D.15
55 Cs 1437 (172%) 6.030 - - 0.030 23,242 5,54 - - 5+3 0.17
56 Cs 144 - - - - 0.0 0.0 24 .6+2 5.4+] -~ 342 0.17
56 Ba 141" {1/27) 0.6+0.3 - - 0.6+0.3 20,342 4.54) - - 542 - -
56 Ba 1421 0% 1.5 - - 1.5 21.7+2 5.4+ 1.40 - - 0.12
56 Ba 143" (1/27) 0.03 - - 0.03 24.0+2 5.7+ - - 542 0.12
56 Ba 144’ o 0.75 - - 0.15 24.842 5.4+] - - 5+ 0.15
56 Ba 145 g2 137241727 - - 0.03+0.03  0.03+6,03 26,442 5.44) - - 5+2 0.15
56 Ba 146" ot 1.11 S 1 26.3+2  5.44) 4,15 - - 0.18
56 Ba 147 1727972 13s2t - - 0.03+0.03  0.03+0.03 26.1+2 5.5+1 - - 543 0.20
57 La 144 (27) 0.100 - - 0.1 23.0052  4.74] - - 743 - -
57 ia 145 (1724 0,085 - - 0.065 24.2+42 5,341 - - 7+3 0.17
57 La 146 (27) 120 - - 0.12 25.5+2 5.041 - - 943 0.17
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TABLE 2: CALCULATED (n,v) CAPTURE CROSS SECTIONS

TARGET Bn(MeV) En(kev): 1 30 100 300 500
Se-B871* 5.538 90+70 5.2+5 2.3+2 1.0+1.5 0.5+0.8
-50 -3 -1 -1.0 -0.5
Se-88* 2.761 10+8 0.7+0.6 0.5+0.4 0.3+0.3 0.3+0.4
-5 -0.3 ~-0.2 0.2 ~-0.2
Br-B7 4.95] 280+190 21412 9.3+8 6.2+5.7 3.4+6.8
~125 ~-12 ~5 -3.5 -4.0
Br-88* 3.751 34428 19416 1.0+1.3 0.2+1.0 0.07+0.2
-20 -10 -0.8 -0.6 -0.1
Br-g9x* 3.3N 93+75 5.4+5 2.3+2.3 1.8+2.4 0.60+1.4
=50 -3 -1.5 -1.5 -0.8
Kr-89 6.461 280+190 20417 B.6+7 5.0+4 3.2+45
=125 -1 -4 -2 -3
Kr-90 4.661 1504100 12410 6.9+5 6.1+5 B+5
-70 -7 -3 -3 -3
Kr-91 5.451 135+100 8+1 3.443 2+2 1+2.6
~-70 -4 -2 -1 -1.5
Rb-91 5.221 820+530 B0+74 32+30 12412 b+1
-350 -50 -20 -1 -4
Rh-92 5.871 5204320 50+40 21417 3.0+3.5 1.041.3
-210 -30 -11 -2.0 -0.8
Rb-93 4.611 680+430 62+60 25423 13412 5.2+5.9
~280 -40 -14 -1 -3.5
Rb-94 5.161 620+390 52450 21+19 5+5 1.041.4
-260 -30 -12 -3 -0.8
Sr-92 5.659 320 33 16 15 15
Sr-93 6.751 400 31 13 4.8 2
Sr-94 4.251 150 11 6.5 6 6

*Binding energy from Mo-81.
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TABLE 2:

CALCULATED (n,y) CAPTURE CROSS SECTIONS --continued

TARGET  Bp(MeV)  Ep(keV): 1 30 100 300 500
Sr-95 6.00]1 380+290 29+30 12+14 4.5+7 1.8+3.5
-190 -20 -9 -4 2.0
Sr-96 4.001 150 1 6.3 6 6
Sr-97 6.371 600 53 21 4.6 2
Y-95 5.268 11304630  170+140 70+60 49+36 51+40
-420 ~90 -40 ~20 -24
Y-96 5.921 790 120 54 3.3 1.10
Y-97 4.98) 890 120 52 39 43
Y-99 4.211 500 51 22 4.8 2.2
7r-98 4.669 350 34 16 15 16.
Zr-99 6.781 570 69 29 4.6 1.9
2r-100 4.521 280 26 13 3.8 1.9
2r-101 6.90) 10254540  130+110 50+60 11420 4.6+8
-360 -70 -40 -12 -5
2r-102 4.081 177 14 8 14 0.8
2r-103 6.111 400 37 17 2.1 1.1
Nb-101 5.481 1900 380 170 53 30
Nb-102 7.121 1950+630  480+320 220+400 18+60 5.8+411
-400 -200 ~160 -18 -5.8
Nb-103 4.592 1030 130 54 13 5.4
Nb-104*  6.35] 1290 230 7 2.3

100
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TABLE 2: CALCULATED (n,y) CAPTURE CROSS SECTIONS --continued
TARGET By (MeV) En(kev): 1 30 100 300 500
Mo-102 5.119 440 52 24 23 12
Mo-103 7.961 1550 310 130 31 14
Mo-104 4.7 300+190 28+30 14412 4.5+4.0 2.542.5
325 -8 -8 -3.0 1.5
Mo-105%  6.90) 300 1 44 10 4.6
Tc-106 7.551 2340 840 440 50 16
Tc-107*  4.072 550+300 50+45 21425 4.6+10 2.143.5
~200 ~30 -16 -4 -2.0
Ru-108 5.06]1 350+200 38+35 19415 8+7 A+4
-130 -23 -9 -4 -2
In-124 7.471 21104900  310+200 110+80 27+30 13417
-600 ~100 -50 -18 -10
Sn-130 5.171 90+36 1045 5+3 4+2 442
-24 -3 -2 -1 -1
sn-131 6.981 110 8.7 3.9 2.6 2.2
Sb-130 7.79) 4197 556 276 14 67
Sb-131 5.58] 710+400 70450 32+23 17417 11413
-300 -30 -14 -10 -1
Sb-132 7.441 1500 170 77 34 22
Sb-133 2.961 22 1.3 0.6 0.34 0.32
Te-130 5.924 490 76 44 34 36
Te-131 8.083 1383 164 80 47 35

~34-




TABLE 2: CALCULATED (n,y) CAPTURE CROSS SECTIONS--continued
TARGET By (MeV) En(kev): 1 30 100 300 500
Te-132 5.788 200+100 28+15 1749 1347 14+8
-60 -10 -6 -4 -5
Te-133 7.811 1000 13 57 37 30
Te-135 5.301 100 7.5 3.2 2 1.8
1-132 6500 800 320 144 89
1-133 6.14 140041100  150+120 70462 43+43 30+30
~640 -70 -33 ~20 15
I-134 7.9 270042500  300+300  100+120 38+52 27+40
~1400 -150 -54 -21 17
1-135 3.7 84+47 5.8+4 2.441.5 1.441.2 1.441.0
-3 -2 -1.1 -0.6 -0.6
1-136 5.361 510+250 48+30 22415 7+5.6 3.8+3.0
~159 -19 -8 ~2.8 -1.7
1-137 3.081 113.0+60 8.4+5 3.6+2.4 2.041.7 1.3+1.0
-40 -3 1.5 -0.8 0.6
1-138 4,471 422+250 40427 1149 1.541.2 0.7+40.6
~150 -16 -5 -0.6 0.3
Xe-135 7.99 330 43 19 11 9.2
Xe-136 3.861 1846 2.4+0.5  1.3+0.3 0.9+0.3 1.0+0.3
-4 -0.3 -0.2 0.2 -0.2
Xe-137 5.886 170+80 1347 5.5+3 3.142.0 2.8+2.0
-50 -5 -2 -1.3 1.2
Xe-138 3.791 50+24 5.3+3 2.7+2 2.1+1.4 2.3+1.5
-17 -2 -1 -0.8 -0.9
Xe-139 5.50] 190+90 19412 1047 6.6+4.3 7+4
60 -1 -4 -2.5 -3
Xe-140 3.891 110+80 16411 9+8 6.7+5.1 6+4
-50 -7 -4 3.0 -3
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TABLE 2: CALCULATED (n,y) CAPTURE CROSS SECTIONS--continued
TARGET Bp(MeV) En(keVv): 1 30 100 300 500
Cs-139 4.681 990+630 93+60 45+30 25+21 21+17
-390 -40 -20 -11 -10
Cs-140 5.831 17004940 130470 35+2b6 6.7+5.5 443
-620 -50 -~15 -3.1 -2
Cs-141 4.021 970+550 93+52 41426 12+9 7+5
-360 -35 =37 -5 -3
Cs-142 5.481 320041700 220+130 40+29 7.4+5.6 443
-1100 -80 =117 -3.2 -2
Cs-143 3.647 1300+900 130+80 40429 9+7 544
-500 -50 =17 -4 -2
Ba-141 5.97 600+360 54+36 25+18 15+10 14+9
-210 =21 =10 -6 -5
Ba-142 4.26 210+160 32+24 20+16 14+12 5.4+45
-90 -15 =10 -7 -3
Ba-143 6.09 1300+900 120+80 45+36 14+12 8+7
-500 -50 ~20 -6 -4
Ba-144 3.86 150+130 23+19 13+14 3+4 2.6+3.0
-70 -12 -1 -2 -1.4
Ba-145 5.81 9104873 85+80 35+43 12+18.6 7.5+9.8
=491 -48 -26 -9 -6.2
Ba-140 2.672 26426 3.5+44.0 1.6+2.0 0.3+0.4 0.3+0.4
-14 -2.0 -1.0 -0.2 -0.2
La-144 6.061 71100+3100 620+270 340+160 32+26 14412
-2400 -200 -120 -14 -1
La-145 4.611 5700+2700  490+220 230+120 60+44 31425
-2000 =160 -90 -26 -14
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TABLE 3:

Sensitivity Calculations for

145
568a

Results from Standard Parameter and their Variations

Cross Sections

e

(mb)
Nuclear
¢ Structure Data o(1 keV)|o(30 keV)|o(100 keV) |o(300 keV) ja(500 kev)
' variations
Standard Parameters 910.0 85.0 35.0 12.0 7.6
Target Nucleus Nuclear
Structure Data Variation
at Aa 910.0 85.0 34.0 11.0 6.2
a- Aa 910.0 85.0 37.0 14.0 9.2
Ux + aUx 910.0 85.0 28.0 7.0 3.7
Ux - AUx 910.0 85.0 41.0 18.0 13.0
o + Ao’ 310.0 85.0 34.0 11.0 6.2
o® - As” 910.0 85.0 39.0 16.0 11.0
I"min. 998.0 93.0 35.0 10.0 5.7
"max. 671.0 65.0 30.0 14.0 10.0
|
| Ecut + .'.\Ecut 910.0 86.0 40.0 14.0 8.0
Ecut - AEcyt 910.0 82.0 32.0 1.6 7.1
Total percent error due +10 +9 +26 +67 +107
to uncertainty in compound -26 -24 ~-26 -41 -60
nucleus parameterization
Compound Nucleuys Nuclear
Structure Data Variation
a + aa 1324.0 125.0 53.0 20.0 12.0
a - Aa 623.0 61.0 23.0 1.8 4.6
Ux + AUx 1665.0 154.0 66.0 24.0 14.0
UX - AUX 501.0 50.0 19.0 6.6 4.0
i o + Ao 920.0 87.0 35.0 13.0 7.5
| o® - 4o 899.0 86.0 | 36.0 12.0 7.4
| B+ AB 979.0 91.0 37.0 13.0 7.9
B - AB 896.0 83.0 34.0 12.0 1.4
Total percent error due +95 +94 +100 +120 +100
'lto uncertainty in compound -55 -50 -57 -57 -62
nucleus parameterization
{Total percent error +96 +94 +103 +137 +146
! ~b) ~55 -19 ~-74 -86
{ r
1021A
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